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INTRODUCTION

Aggression, normally as social phenomenon, has been classified
as either operant-aggression or elicited-aggression depending on the
relationship of the assailent to the recipient organism.

Operant-

aggression is supported by the consequences of the aggressor's
actions towards the recipient; whereas elicited aggression carries
no consequences for the provoking event (Azrin and Holz,

1966).

The

concept of elicited-aggression has been extended with the demonstra
tion that inanimate objects can also serve as suitable targets for
attack (Azrin, Hutchinson, and Hake,
Sallery,

1966; Azrin, Hutchinson, and

1964; Hutchinson, Azrin, and Hake,

Azrin, and Hunt,

1968).

1966; Hutchinson,

Moreover, several types of intense

peripheral stimuli will produce elicited-attack patterns

(Azrin,

Hake, and Hutchinson, 1965; Azrin et al, 1964; Ulrich and Azrin,
1962).

It is likely that the neurophysiological systems mediating

elicited-aggression are activated through several sensory modalities
and, in part, distinct from "reward" systems in so far as the
reactions are independent of the reward processes.
Attack behavior can also be provoked by intracranial
electrical stimulation.

Numerous studies (Allikmets,

1966;

DeMolina and Hunsperger, 1959, 1962; Hess, 1957; Renfrew,

1969)

have determined the amygdaloid complex, hypothalamic regions, and
mesencephalic central gray to be the principal anatomic areas
involved.

Stimulation of these regions, or associated pathways,
1
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results in a well coordinated attack sequence; complete with the
full complement of somatomotor and autonomic responses as in the
naturally occurring reaction.
DeMolina and Hunsperger (1959, 1962) have outlined a neural
system, in the cat, ordered along an amygdalo-hypothalamo-central
gray axis, subserving the defense (attack or flight) reaction.

This

system was found to be hierarchically organized as only the integ
rity of the central gray component need be preserved.

Interruption

at this level abolished behavior elicited by either amygdaloid or
hypothalamic stimulation, while interruption at the hypothalamic
level eliminated only the amygdaloid evoked reaction.

Although

closely resembling each other, the amygdaloid elicited defense
pattern is distinct from those obtained from the hypothalamus and
central gray (Hilton and Zbrozyna,
ger and Buchner, 1967).

1963; Hunsperger, 1956; Hunsper

Amygdaloid stimulation presents only a-

single pattern, which includes growling and hissing.

By contrast,

hypothalamic and central gray activation may yield either of two
reactions: rage or flight.

Sites for the rage reaction predominate

in a medially lying field, with the positive points for the flight
reaction located just lateral.

Furthermore, the defense reaction

developes immediately at the hypothalamic and central gray place
ments, but the amygdaloid elicited pattern developes gradually
and persists after the termination of the stimulus (Hilton and
Zbrozyna, 1963; MacLean and Delgado,

1953).

The amygdaloid complex of primates is divided into two major
subdivisions: basolateral and corticomedial.

The basolateral group
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consists of the basal amygdaloid nucleus, the lateral amygdaloid
nucleus, and the accessory basal nucleus.

The corticomedial group

consists of the cortical amygdaloid nucleus, the central amygdaloid
nucleus, the medial amygdaloid nucleus, and the nucleus of the
lateral olfactory tract.

Also included in the complex are the

anterior amygdaloid area, along with the amygdalo-pyriform cortex
and amygdalo-hippocampal transition zones (Crosby and Humphrey,
Humphrey, 1968; Johnson,

1923; Lauer, 1945; Macchi,

1941;

1951).

Different functional responsibilities have been attributed to
the different regions.

Kaada (1951) proposed that the sites for

the inhibition of somatomotor and autonomic activity were located
in the medial portion (corresponding to, for the most part,

the

corticomedial division), with facilitory points in the lateral
(basolateral) part of the amygdala.

Kaada, Andersen, and Jansen

(1954) suggested that the autonomic and reflexive somatomotor react
ions were the function of the medial part of the complex, along with
the medial aspects of the basal nucleus; whereas, the behavioral
reactions resulted from the rest of the basolateral division.
Alternatively, Magnus and Lammers (1956) ascribed the responses
related to olfaction and eating to the basolateral division; and the
autonomic responses,
division.

fear and rage behavior to the corticomedial

Koikegami (1963), on the other hand, contended that the

basolateral group mediated the parasympathetic and extra-pyramidal
motor function; while the corticomedial nuclei, and the medial part
of the basal nucleus, subserved sympathetic, arousal, and defense
reactions.

To this point then, no consistent pattern of functional
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organization has emerged.

In fact, Hall (1963) does not regard

discrete functional subsets as likely, at least within the
basolateral group, in view of the extensive overlapping distribution
of afferent and efferent fibers.
olfactory input,

In support of this; except for

there is no direct sensory information available

to the complex, so as to preclude any possible punctate topograph
ical arrangement with respect to sensory input.

Instead,

the activ

ity of amygdaloid neurons are influenced by all modalities, but
showing only minor regional differences (Creutzfeldt, Bell and Adey
1963; Machne and Segundo,

1956).

The amygdala thus appears to be

under the control of a more diffuse, or general, activating
mechanism.

Gloor (1955 a,b) has also observed that the amygdala

seems to lack the high degree of functional organization which
characterizes other subcortical regions.

Moreover, this area

displays much the same diffuse cortical activating capacities
as the reticular formation and the non-specific thalamic projection
system (Fiendel and Gloor, 1954; Kreindler and Steriade,

1963).

So, the amygdaloid complex may discharge its influence in a more
general manner, by modulating or regulating the activities of
related r e g i e s as previously suggested by Gloor (1955 a,b) .
The electrographic correlates of amygdaloid activity during
different levels of arousal also suggest a general behavior
activating function.

During sleep, the spontaneous spike activity

has been found to be generally less that in the awake state (Sawa
and Delgado,

1963), and even changes in the depth of sleep

correspond to altered levels of activity (Adey, Kado, and Rhodes,
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1963).

Additionally, Pagano and Gault (1964) found fast activity

in the basolateral group to be associated with neocortical
activation and behavioral arousal.
DeMolina and Hunsperger (1959) observed that the defense
reactions could be produced by stimulation of the stria terminalis,
which is the major efferent route of the corticomedial division.
Also, DeMolina and Hunsperger (1959,1962) and Hunsperger and
Buchner (1963) reported that the growling response which was
characteristic of the amygdaloid produced pattern, but not the
hypothalamically produced pattern, could be elicited from the
dorsomedial (corticomedial) portions of the complex, the stria
terminalis, and the bed nucleus of the stria terminalis.
more previously reported anatomical

Further

observations (Fox, 1940, 1943)

suggested that the stria terminalis was totally efferent with resp
ect to the amygdala.

While there is still no conclusive anatomical

evidence for the existence of amygdalopetal fibers in the stria,
behavioral evidence does imply such a contention.

Zbrozyna (1960)

and Hilton and Zbrozyna (1963) discovered that, although the stria
terminalis is capable of mediating the defensive patterns,

the

bilateral disruption of the stria failed to have an effect on the
amygdaloid evoked reaction.

Moreover, after transection, if the

amygdaloid side of the stria was stimulated, then a complete rage
response ensued; but not if the hypothalamic side was stimulated.
In addition, the total destruction of the ventral amygdalofugal
system abolished the amygdaloid elicited reaction.

This demonstrat

es that the basolateral division is an important region for the
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amygdala's contribution to attack behavior, as well as for the
arousal pattern.
The amygdaloid fields governing the fear (flight) and rage
patterns do not appear to coincide.

Ursin and Kaada (1960)

found that, in only a few cases was both fear and rage evoked at the
same site.

In general, the regions for these reactions were distin

ct, but the two fields came into approximation at the level of the
central nucleus; from where, as part of the ventral-amygdalofugal
system, the zones coursed to the diencephalon.

Ursin (1965) was

also able to dissociate the defense reaction with discrete lesions
in the appropriate areas.

Depending on the site of destruction, it

was possible to reduce the fear response with no effect on rage
behavior; and conversely.

Like the other components of the "defense"

system, flight and attack may be represented by different anatomical
substrates in the amygdaloid complex.
In spite of the extensive "stimulation" and "ablation" litera
ture relevant to amygdaloid functioning in aggression, it is unclear
how the complex participates in an attack sequence.

The present

study attempts to assess further the relative contributions of the
basolateral and corticomedial amygdaloid divisions, along with other
structures, by monitoring the changes in the ongoing electrical ac
tivity associated with biting upon a pneumatic hose.

This technique

has shown itself to be a sensitive index of attack behavior produced
by both environmental and physiological manipulations (Hutchinson
et al, 1966; Renfrew, 1969).
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METHOD

Subjects

Three male, mature, squirrel monkeys (Saimiri sciureus)
weighing from .875 kg to 1.190 kg at the start of the first
recording session were housed in individual colony cages, and
maintained on an jad lib food and water schedule throughout the
hose-biting series.

On the food-biting series, the subjects (Ss)

were food deprived for approximately 22 hours prior to the experi
mental session.

Two of the Ss were experimentally naive, and the

third S^ had a brief history of experimental hose-biting elicited
by tail shock.

Apparatus

The experimental sessions were conducted in an electro
statically shielded room, with all electrical recordings taken on
a Grass (model 5D) polygraph.

The S_s were restrained in a squirrel

monkey primate chair modified with a neck yoke which prevented
the S_ from pawing the bite-sensing hose and recording cable (Figure
1).

The bite recording system was modified after Hutchinson, et al

(1966).

The bite-sensing hose was mounted in a trapeze fashion and

held in the S_'s mouth with the aid of blocks mounted on the neck
yoke.

Below the restraining yoke was another system to provide both

a paw rest and to record the S_'s paw movements.

The hose in both

7
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systems was 5/8 inch outside diameter, 1/8 inch wall thickness,
pure gum rubber surgical tubing.

Bite events were recorded via a

Statham (P 23 AC) pressure transducer on the polygraph.
recorded the presence of the event and its duration.

This

Also, an

Airflow switch (Tapeswitch Mfg. Co.) was connected in parallel
with the Statham transducer to provide a digitalized record of bites.
Recording electrodes were concentric bipolar with an outer
barrel of 25g hypodermic tubing.

The electrodes had resistances

ranging from 30-45K ohms when tested in saline prior to implanta
tion.

The shielded recording cable was constructed from

individually shielded wires (Microdot) fixed to an Amphenol (96-2)
connector with solder and dental cement.
Standard stereotaxic and surgical equipment was used in the
implantation.

An Amphenol (96-1) connector supplied the connection

between the recording cable and the depth electrodes.

Surgical preparation

Surgery was performed under anesthesia in clear conditions.
Either four or five bipolar electrodes were stereotaxically
placed into the brain of each subject.

The electrodes were

chronically afixed to the skull with dental cement and connector.
The intended placements were:

the basal amygdaloid nucleus; the

lateral amygdaloid nucleus; the medial amygdaloid nucleus; the
nucleus ventralis posteriolateralis of the thalamus; the ventral
hippocampus;

the mesencephalic central gray; and the reticular

formation.
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Subjects were allowed at least 7 days for post-operative
recovery, during which time they were continuously examined for
infection and excessive weight loss.

Penicillin was given on

alternate days as a precaution.

Recording procedure

In general, all S_s were given a one hour experimental session
each day; sessions being conducted on successive days.
given more than one session per day.

No S_ was

White masking noise was

delivered in all sessions for which data are presented.
No additional stimulus, other than restraint was needed to
generate biting.

In the "food-biting" tests the tube was removed

and food was delivered to the subject by the experimenter.
and bananas were used in this series.

Occasionally,

Raisins

the hose-

biting and food-biting sequences were programmed within the
same experimental session.

Criteria for data analysis

Data samples were derived from records with a chart speed of
25 mm/sec.

This particular chart speed allowed maximum clarity

with regard to changes in activity pattern.
All relevant instances in which ongoing activity was not
obscured by artifacts were included in the samples for the hosebiting, food-biting, and movement artifact analyses.

The sample

size for the hose-biting phase was 279 biting sequences;

for the

food-biting phase, 94 biting sequences; and for the artifact analy
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sis, 44 movement artifacts on the hose.
were excluded from analysis.

Cases of single bite

The sample sizes for the other deter

minations were decided arbitrarily, with each element of the sample
selected at random.

The sample size for the frequency determinations

was 21, and for deciding the order of desynchronization, 30 hosebite episodes.
Desynchronization was judged if there was a shift of activity
for at least 200 msec (5 mm) such that the post-shift amplitude
was k, or less, the pre-shift amplitude.

In general,

desynchronized activity was much less than needed for criterion.
The _S's non-biting movement was frequently recorded on the
polygraph; either through a recording electrode, or as a negativepositive deflection on the "bite" pen (refer to Figure 4d).

This

proved to be a sinsitive way of recording movement of the head and
jaws.

Only those cases where the movement was recorded through the

bite-sensing apparatus contributed to the respective figures.
In determining the order of desynchronization two different
means of analysis were imposed on the same sample.

First,

determination by the point of desynchronization on the chart.
Desynchronization at more advanced points were judged as reflecting
an earlier shift in activity.

However, there was some evidence from

earlier data that the pens were not perfectly aligned.

A second

method of analysis was therefore used to compare with the first.
protect against bias from improper alignment, the durations of the
desynchronized activity prior to biting were determined.

Assuming

then, that the bite artifact appeared simultaneously at all leads,
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To

then the longest duration of desynchronization should reflect the
region of initial desynchronization.

The results of both methods

are presented in Table 1.
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RESULTS

Restraint produced biting behavior (Figure 2).

A consistent

temporal pattern of responding was seen within the experimental
sessions.

As illustrated in Figure 2, the higher rates of biting

predominated in the early portions of the session, while there was
a reduction in response rate towards the end.

This over-the-

session pattern is suggestive of either a sensory adaptation or
fatigue phenomenon.

However, in the initial stimulation sessions

(not reported here), the number of bite responses elicited per
stimulus appeared to be independent of when in the session the
brain stimulation was delivered.

The decrement in rate resembles

adaptation, where high frequency-low intensity stimulation loses
control over behavior as a function of time.

Moreover, since the

same temporal pattern prevailed throughout the entire experimental
period for each subject, there is no evidence that conditioning
contributed to the maintenance of behavior.
Figure 3a illustrates the electrophysiological variables
dealt with in this study.

Traces 1, 2, and 4 represent activities

recorded via the depth electrodes;
bite sequences.

trace 3 is the record of the

The "S" and "D" are the intervals of synchron-

•'

12
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ization and desynchronization respectively.

The "artifact" is a

non-neurophysiological interference associated with the bite
sequences.

Figure 3b is an exerpt of a bite sequence recorded at

50 mm/sec.
A characteristic pattern of electrical activity was evidenced
in the basolateral division (BLA), corticomedial division (CMA),
and hippocampus (HPPS) between the hose-biting sequences (Figure
4a).

In this period, a high amplitude slow wave pattern was seen

at these placements.

Typical frequencies, at maximum rhythm

amplitude, are found to be: 10-12 HZ from BLA, 8-10 HZ from the
CMA, and 7-10 HZ from the HPPS.

A waxing and waning of the

amplitude predominated at the CMA sites; and was occasionally
seen from the HPPS, in relation to the activity in the CMA.

The

activity at the BLA placements showed a fast wave-slow wave complex
(Figure 4 a ) .
Preceding the hose-biting sequences, shifts in the activities
of the BLA, CMA, and HPPS from the high amplitude-low frequency
(synchronization) to low amplitude-high frequency (desynchronization)
patterns occurred (Figure 4 b ) .

Frequencies during desynchronization

of 20-22 HZ are found in the BLA, 10-12 HZ from the CMA, and 13-16
HZ from the HPPS.

Figure 5 shows that desynchronization in the

BLA was observed 97% of the time prior to the biting sequence,
917, of the time from the CMA, and 95% of the time from the HPPS.
These three regions also showed co-punctual desynchronization in
847, of the sample just prior to hose-biting (Figure 6) .

In only

two instances did such desynchronization occur, where no hose-
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biting followed.

No similar change in activity was seen in the

nucleus ventralis posteriolateralis or central gray.

At these

placements, desynchronization occurred throughout the hose-biting
sessions (Figure 7).
The electrical activity during food-biting does not show such
a relationship to shifts to desynchronization (Figures 4c, 5a, 5b)
As seen in Figure 5a, only 4%, of the sample was marked by a
transition from synchronization to desynchronization coincidently,
as seen in the BLA, CMA, and HPPS prior to the onset of foodbiting.

Desynchronization was noted in 28% of the cases in the

BLA, and 337, of the time in the HPPS.

The distinction between the

combination of the electrical activities of the CMA, BLA, and HPPS
between hose and food-biting is shown in Figures 6 and 8.

The

simultaneous synchronization in these areas was never followed by
hose-bite: whereas food-biting was prefaced by synchronization
53% of the time.
Figures 4d, 9, 10, and 11 deal with the movement of the
subject as recorded via the bite system.

Visual observation

through close-circuit television, and inspection of video tape
records showed that this movement generally consisted of a quick
head jerk forward, or to either side.

Gross movements were well

restrained by the apparatus, and large amounts of head movement
resulted in an obscuring cable artifact.

The activity, prior to

the artifact is characterized by coincidental synchronization
(877,) in the BLA, CMA, and HPPS.

The post-artifact activity is

predominately desynchronization in these placements (68%).
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By

contrast, coincidental desynchronization in the BLA, CMA, and HPPS
associated with hose-biting occurs prior to the behavior.
The desynchronization seen in the BLA, CMA, and HPPS generally
appeared in a consistent order.

In Table 1, the first method of

analysis (determining the order of desynchronization by the order
on the record) and the second method (determining the order of
desynchronization by the duration of the desynchronized activity),
both show that the basolateral placements tend to desynchronize
first.

The BLA leads in 437. of the sample by method 1 and 59% of

the sample by method 2; and leads either clearly, or with others,
697 by method 1 and 767, method 2.

To the contrary, the HPPS leads

in 107 by method 1 and 137 by method 2; and leads either clearly,
or with others, 367, by method 1 and 237, by method 2.

In addition,

there was a tendency for the HPPS to lead the CMA in desynchron
ization.
Histology verified the intended electrode penetrations in all
except one case; that of the electrode aimed at the reticular
formation.

In the basolateral group, two placements were traced

to the lateral part of the basal nucleus (pars lateralis) and one
in the junction between pars medialis of the basal nucleus and the
accessory basal nucleus.

In the corticomedial group, two

placements were found dorsally in the medial nucleus, and the
third in the ventromedial margin of the medial nucleus, where it
is contiguous with the dorsolateral aspect of the cortical nucleus.
Table 2 details the coordinates of the electrode placements.
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Table 1

Order of desynchronization of the basolateral (BLA) and corticomedial (CMA)
amygdaloid divisions, and the hippocampus (HPPS) prior to hose-biting.
Part A
Temporal order of desynchronization
First

Second

Third

BLA
BLA
HPPS
HPPS
CMA
CMA
BLA
CMA
HPPS
BLA-CMA
BLA-HPPS
CMA-HPPS
BLA-CMA-HPPS

CMA
HPPS
BLA
CMA
BLA
HPPS
CMA-HPPS
BLA-HPPS
BLA-CMA
HPPS
CMA
BLA

HPPS
CMA
CMA
BLA
HPPS
BLA
-

-

-

First method*

Second method**

Frequency

Percentage

Frequency

Percentage

5
8
0
2
6
0
0
0
1
0
4
0
4

16%
26%
0%
7%
21%
0%
0%
0%
3%
0%
13%
0%
13%

3
12
0
4
4
0
3
0
0
1
1
0
2

10%
40%
0%
13%
13%
0%
10%
0%
0%
3%
3%
0%
7%

* Determinations were made on the basis of the point of desynchronization on the trace.
** Determinations were made on the basis of duration from the onset of desynchronization to the
onset of the bite artifact.
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Table 1

(con't)

Part B***
Combinations of desynchronization
BLA-leading, HPPS-trailing
HPPS-leading, BLA-trailing
CMA-leading, HPPS-trailing
HPPS-leading, CMA-trailing
BLA-leading, CMA-trailing
CMA-leading, BLA-trailing
BLA- orCMA-leading, HPPS-trailing
HPPS-leading, BLA- or CMA-trailing

*** Tabulated from the results of Part A.

First method
63%

10%
36%
50%
56%
26%

63%
10%

Second method
76%
13%
26%
56%
63%
26%
76%
13%
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Table 2

Histological results*

Sub ject

Structure

MC-8
MD-5
MC-10
MC-10
MD-5

Medial n.
Medial n. - cortical n.
Basal n. (pars lateralis)
Medial n.
Basal n. (pars medialis)accessory basal n.
Basal n. (pars lateralis)
Hippocampus
n. Ventralis posteriolateralis
Hippocampus
Hippocampus
Hippocampus
n. Ventralis posteriolateralis
Central gray
Cortex

MC-8
MC-8
^ffD-5
MD-5
MC-10
MC-10
MC-8
MC-10
MD-5

'* Coordinates from Gergen and MacLean (1963)

Anterior-posterior

Lateral

+11.0
+11.0
+10.5
+10.5

5.0
4.75
8.0
5.0

+10.5
+10.0
+ 7.5
+ 7.5
+ 7.5
+ 6.5
+ 6.0
+ 6.0
+ 1.5
+ 1.5

7.0
8.0
6,5
4.5
7.0
5.5
7 o0
5.0
1.5
5.0

Horizontal
8.0
7.5
5.0
8.0
6.0
7.0
6.5
14.5
6.5
6.5
7.5
14.5
12.5
10.5

FIGURE 1
Schematic of modified primate chair.

Pneumatic hose above

the neck restraint for recording biting; pneumatic hose below the
neck restraint for paw support and recording paw movement.
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FIGURE 2
Cumulative hose-bite records of MC-10, MC-8, and MD-5.
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FIGURE 3a
Example of different recorded activities.
synchronous activity,

(S) indicates

(D) indicates desynchronous activity, and

line 3 is a bite sequence as recorded via the Statham transducer
Associated with the bite record are the bite "artifacts".
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FIGURE 3b

Bite artifact expanded by a chart speed of 50 mm/sec.
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FIGURE 4a
Typical synchronous activity of the hippocampus (HPPS), the
corticomedial (CMA) division of the amygdala, and the basolateral
(BLA) division of the amygdala.
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FIGURE 4b
Desynchronization preceding and following a biting sequence
in the basolateral (BLA) division of the amygdala, the corticomedial (CMA) division of the amygdala, and the hippocampus (HPPS).
The activity following the responses in the HPPS does not qualify
as desynchronization.
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FIGURE 4c
Synchronous activity preceding and following food-biting
sequence in the basolateral (BLA) division of the amygdala, and
hippocampus (HPPS).

Marker on FOOD baseline indicates onset of

bite sequence.
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FIGURE 4d
Example of movement artifact as recorded via the Statham
transducer.

Note the negative-positive deflection on the

"movement" line.
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FIGURE 5a
Desynchronization in the basolateral (BLA) amygdala,
corticomedial (CMA) amygdala, and hippocampus (HPPS) prior to
the onset of a hose-biting and food-biting sequence.
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FIGURE 5b
Desynchronization in the basolateral amygdala (BLA), corticomedial amygdala (CMA), and hippocampus

(HPPS) following the

termination of hose-biting and food-biting sequences.
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FIGURE 6
Combinations of the synchronization and desynchronization in
the corticomediai amygdala (CMA), basolateral amygdala (BLA), and
hippocampus (HPPS) prior to a hose-biting sequence.
indicates desynchronization.

Prefix (-)

No prefix indicates synchronization.
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FIGURE 7
Examples of the activity preceding and following a bite
sequence in the basolateral amygdala (BLA), corticomedial amygdala
(CMA), hippocampus (HPPS), central gray (CG), and nucleus ventralis
posteriolateralis (VPL) of the thalamus.

Composed from different

record.
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FIGURE 8
Combinations of synchronization and desynchronization in the
corticomedial amygdala (CMA), basolateral amygdala (BLA), and
hippocampus (HPPS) prior to a food-biting sequence.
indicates desynchronization.

Prefix (-)

No prefix indicates synchronization.
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FIGURE 9
Occurrence of desynchronization in the basolateral (BLA),
corticomedial (CMA), and hippocampus (HPPS) in the immediate
pre- and post-artifact period.
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FIGURE 10
Combinations of synchronization and desynchronization in the
basolateral (BLA), corticomedial (CMA), and the hippocampus (HPPS)
prior to the recorded movement.

Prefix (-) indicates

desynchronization; whereas no prefix indicates synchronization.
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FIGURE II
Combinations of synchronization and desynchronization in the
basolateral amygdala (BLA), corticomedial amygdala (CMA), and the
hippocampus (HPPS) following the recorded movement.

Prefix (-)

indicates desynchronization; whereas no prefix indicates
synchronization.
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FIGURE 12
a.

Example of a Type I- Typ ■ II biting sequence of MC-8 .

Negative up.
b.

Example of Type I biting sequence of MC-8.

c.

Example of Type I biting sequence of MD-5, with short

Negative up.

latencies between the jaw-closure and jaw-opening phases.

Positive

up for depth recordings, negative up for hose-bite recording.
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FIGURE 13
Amplitude of components-a, -b, and -c during a Type I-Type II
biting sequence as a function of the percentage of the sequence
completed.

Compiled from a sample of 10 BLA records of MC-8.

The

Type I to Type II shift occurred when 83% of the sequence had been
completed.
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FIGURE 14
Epileptiform activity in the BLA placement of MO-5,
followed by hose-biting.
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DISCUSSION

A waxing and waning of activity in the corticomedial division
\

was preminent during protracted periods between biting sequences,
'iccasionally, similar oscillations in amplitude were seen in the
hippocampus and which tended to be temporally correlated with the
corticomedial rhythm.

However, a waxing and waning of activity

in the basolateral group was only rarely seen, but presented a
"resting" rhythm composed of both fast and slow wave components.
This is in accordance with the previous findings of a waxing and
waning of unit firing rate in the amygdala (Machne and Segundo,

1956)

and, in squirrel monkeys, a waxing and waning of hippocampal
activity (Gergen,

1967).

Also, amygdaloid stimulation can induce

a waxing and waning of the hippocampal evoked response during
recruitment (Gloor, 1955b) .

Similar periodic fluctuations in wave

amplitude are characteristic of the nuclei of the non-specific
thalamic projection system (Grossman, 1967), and the axons from
neurons of one of these masses (the dorsomedial thalamic nucleus)
may synapse with both the amygdala and hippocampus
Nauta and Valenstein,

(Fox, 1949;

1959; Papez, 1956; Sager and Butkhuzi,

1962).

Despite the absence of direct amygdala-hippocampus pathways,
the amygdala still exerts powerful modulating influences on the
hippocampus via long polysynaptic connections through the pyriform
cortex.

The hippocampal potentials evoked from the corticomedial

group show shorter latencies than the basolateral induced potentials,
16
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but the basolateral division has a greater capacity for
recruitment.

The basolateral induced recruitment is greater in the

hippocampus than in any region within the amygdaloid projection
field.

So, for the hippocampus, the basolateral division is the

prepotent source of amygdaloid influence (Gloor, 1955b) .

Observa

tions on the order of desynchronization found that the nuclei of the
basolateral group consistently desynchronized prior to desynchroni
zation of either the hippocampus or corticomedial group.

Moreover,

hippocampal placements consistently showed desynchronized
activity prior to the nuclei of the corticomedial group.

The

consistent basolateral division leading and hippocampus
trailing is evidence for the amygdaloid activation of hippocampal
regions prior to the onset of hose-biting.

The fact that the

hippocampus generally leads the corticomedial group in
desynchronizing seems, at first, confusing since the latency for
the transmission of a basolateral induced impulse is much shorter
in the corticomedial division than in the hippocampus (Gloor, 1955a).
On the other hand, the hippocampal threshold for sustaining after
discharge activity is extremely low; in fact, about the same
threshold values as the basolateral division.

By contrast, the

corticomedial division has a much higher threshold for activation
(Kriendler and Steriade, 1963; Steriade, 1964) .

This may provide

the rationale for finding the hippocampus desynchronization to
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18
precede that of the corticomedial nuclei; and not that there are no,
or few, basolateral and corticomedial interconnecting fibers.
Furthermore, the hippocampal desynchronization can not be simply
attributed to reticular activation since the midbrain placements
usually showed desynchronization activity throughout the entire
session.'

Also, activation by way of the dorsomedial thalamic nucleus

is not a suitable explanation since impulses invoked from here
invade the hippocampus with a shorter latency than the amygdala
(Sager and Butkhuzi, 1962).

If this was the case, then hippocampal

activation should precede the desynchronization in the basolateral
nuclei in view of their nearly identical thresholds for activation;
but, the converse was most common.

Then, the nuclei of the baso

lateral division stand as a possible activating mechanism for the
hippocampal desynchronization associated with hose-biting.
By comparison with spontaneous non-biting movement and foodbiting, hose-biting was tightly correlated with the coincidental
desynchronization in the basolateral and corticomedial amygdaloid
divisions and hippocampus prior to the onset of behavior.
Grastyan, Lissak, Madarasz, and Donhoffler (1959) and Grastyan,
Karmas, Vereczhey, Martin,

and Kellengi (1965) found shifts in

hippocampal activity from synchronization to desynchronization
corresponding to alterations in behavioral activities.

In these

studies, a high correlation was seen between hippocampal
synchronization and "approach" behavior; while hippocampal
desynchronization was correlated with withdrawal reactions.

There

are other reports (Elazar and Adey, 1967; Holmes and Adey, 1960;
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Lopes da Silva and Kamp, 1969; Vanderwolf, 1969) citing a
relationship between hippocampal theta activity and approach
behavior in a reward situation, and hippocampal desynchronization
in an escape or avoidance setting.

The present results, by finding

hippocampal desynchronization in relation to hose-biting, suggest
and extend the previous findings to associate hippocampal
activation not only with escape and avoidance, but also approach
behavior sustained by noxious events.

In this context, hippo

campal desynchronization is an index of the "central" registration
of aversive conditions.
While the hippocampus may in some way depend upon the amygdala
for "information" in times of stress, the close tie between the
activities of the amygdala and hippocampus are not seen during
rewarding or non-aroused conditions.

Brazier (1968) found

a dissociation of the two regions during drowsy periods or states
of sleep.

Also, amygdalectomy does not seem to effect the

appearance of the hippocampal slow activity (Moruzzi and Magoun,
1949) .
Of the hypothalamic regions, the ventromedial nucleus is the
major point of termination for amygdaloid fibers (Murphy, Dreifuss,
and Gloor, 1968) .

The basolateral group projects to this region

over the ventral-amygdalofugal system, while the corticomedial
projects to the ventromedial nucleus via the stria terminalis (Fox,
1943; Hall, 1963; Lauer, 1945).

Dreifuss, Murphy and Gloor (1968)

have found that in the ventromedial area the amygdaloid evoked
responses are characteristic for the amygdaloid region stimulated
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and hence, the pathway mediating the impulses.

The ventromedial

nucleus evoked potentials, via the ventral-amygdalofugal system,
presents an initial negative transient, followed thereupon by a
slower positive deflection.

By contrast, impulses by way of the

stria evoked a large positive deflection as the only response.

In

a subsequent study by Murphy and Renaud' (1969) found that the baso
lateral groups act on the ventromedial neurons primarily through
interneurons.

Also, surprisingly, the corticomedial group was

found to activate the interneurons.

In both studies, the negative

transients were correlated with increases in cell firing and the
positive transients with an inhibition of firing.

Hence, the

predominate influence of both basolateral and corticomedial
amygdaloid stimulation on the ventromedial nucleus is inhibitory.
Although not specifically mentioned, the evoked potential records
of the corticomedial activation from Dreifuss et al (1968) show
a slight initial negative deflection.

If this can be taken to

represent the stria terminalis activation of interneurons,

then in

comparison to the basolateral group, the corticomedial group
activates only a small number of interneurons.
Functionally, the ventromedial hypothalamic nucleus was first
implicated as a "stop"mechanism for feeding behavior since damage
to this region results in hyperphagia (Grossman, 1967) .

However,

ventromedial lesions also produce passive-avoidance deficits
(Kaada, Rasmussen, and Kveim,

1962) and an increased sensitivity

to environmental stimuli, occasionally resulting in rage (Wheatley,
1944).

Recent research (Grossman, 1966; Margules and Stein, 1969)
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have confirmed the general behavioral suppressant properties of this
hypothalamic region.

In view of this, the activation of amygdaloid

regions inhibits either directly via the stria terminalis, or
indirectly through intemeurons via the ventral-amygdalofugal
system, a behavior inhibiting mechanism; the result being a
facilitation of behavior.
Contrary to the implications of the results of the present
study where activation of amygdaloid regions apparently facilitated
"attack" behavior, are a series of reports by Egger and Flynn (1961,
1963, 1967) which found various amygdaloid regions to suppress
attack behavior.

The txro results are particularly at odds because

the locations for the most effective inhibition of attack were
similar to those regions, in the
activation prior to hose-biting.

present study, which showed
In the previous investigation, low

intensity amygdaloid stimulation couterposed attack producing
stimulation in the lateral hypothalamus; the result was either
a suppression or facilitation of

attack, varying with the locus of

the amygdaloid stimulation.

regions most effective in

The

suppressing the attack were in the medial aspects of the lateral
amygdaloid nucleus approximating the lateral part of the basal
nucleus, or in the lateral part of the basal nucleus itself.

The

facilitory regions tended to be dorsolateral to the amygdaloid
attack-suppressing areas.

It was noted that in general, the regions

for attack facilitation corresponded to the regions where Ursin
and Kaada (1960) elicited fear-like responses; and that the regions
effective in suppressing attack were similar to those where anger
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like responses were evoked.

Thus, it was suggested that the

amygdala contains separate, and antagonistic substrates which
influence attack.

However, the hypothalamic site used to elicit

the attack behavior is also intimately involved in feeding
behavior (Grossman, 1967).

Moreover, Hutchinson and Renfrew (1966)

have found this region to produce a "stalking" attack, which is
seemingly related to food acquisition.

This type of attack is

markedly different from rage, or affective, attack both in terms
of motivational antecedents, and response characteristics.

Stalking

attack corresponds to an increased food motivation, whereas affect
ive attack is motivated largely by noxious or threatening stimuli
(Hutchinson and Renfrew, 1966; Wasmann and Flynn,

1962).

On the

response side, affective attack is defined, in part, by a high
degree of sympathetic activation (DeMolina and Hunsperger,

1959)

but the attack reactions suppressed through amygdaloid activation
showed little or no autonomic involvement (Egger and Flynn,

1967).

Furthermore, Fonberg and Delgado (1961) was able to inhibit food
intake in hungry subjects with stimulation in the basolateral
division.

It is likely, then, that the suppression with

amygdaloid stimulation was carried out on a "stalking" attack.

It

is not unreasonable that in affective attack, which in a natural
setting is immediately relevant to the survival of the animal,
there would be an active shut-down of feeding mechanisms.
In sum, the present study supplies evidence that the
amygdaloid complex may function as an activating mechanism in the
mediation of hose-biting behavior.
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This is in agreement with the previous proposal of Gloor (1955a,b)
that the amygdaloid complex is a modulator of subcortical
excitability.

The results of this study suggests that the

activation of amygdaloid regions facilitates behavior by:
(1) activating a hippocampal "go" system, and (2) the inhibition
of a ventromedial hypothalamic "stop" system.
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SUMMARY

Squirrel monkeys had chronic electrodes placed in various
brain structures which have been shown to be involved in aggression.
The changes in the regional electrical activity were recorded in
sessions where the subjects were restrained and biting a pneumatic
hose.

It was found that whereas general movement and eating

behavior showed no consistent relationship to desynchronization
of the basolateral and corticomedial amygdaloid divisions and the
hippocampus, hose-biting was associated with a shift from
synchronization to desynchronization in these regions.

These

findings were discussed in a context of previous research, and a
proposal was offered as to a possible function of the amygdala
in the elaboration of aggression.

24
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APPENDIX

The biting episodes almost always occurred as a collection
of bites; rarely was there a single bite in isolation.

In the

majority of the instances, an entire bite sequence was composed of
a single type of bite response.

This, the Type I bite, was

recorded as having a rapid rise time to the peak amplitude, followed
by a brief hesitation at the peak of the bite; corresponding to a
quick, and intense, jaw closure followed by a short period of
sustained jaw closure preceding the jaw-opening phase.

This gives

the extended interval between the peak of the negative transient
and peak of the positive transient.
Airflow switch (see Methods),

Due to the design of the

the system was fluid tight.

During

a "sustained" bite, the trace therefore still returns to baseline.
Figure 12c shows a faster bite release as evidenced by the absence
of any significant latency on the record between the offset of the
jaw-closure phase and the onset of the jaw-opening phase.

Note

that the time intervals from the peak of the negative transients to
the peak of the positive transients is usually shorter for the
responses in Figure 12c than in Figure 12b.

Only one £. (MD-5)

ever responded as in Figure 15c with any regularity.

The other

Ss responded almost exclusively as shown in Figure 12b.
Even though the Type I biting was the most frequent for all Ss,
a second (Type II) variety was sometimes recorded.

This may reflect

some S difference, since one particular S. (MC-8) accounted for the
25
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majority of these cases.

The Type II bite responses were

distinguished by a smaller negative-going amplitude, while
usually having a significantly longer jaw-closure phase than
Type I (Figure 12a, the last four bite responses).

The Type II

response, alone, never formed an entire bite sequence; instead, it
appeared in the later stages of the sequence as a sequel to the
Type I biting.

Moreover,

the transition, within a sequence, from

the Type I to the Type II was generally abrupt (Figure 12a).

The

pattern of desynchronization activity following a Type I-Type II
sequence was not significantly different from that associated
with the Type I bite sequence.
In addition to having the bite response recorded through the
pneumatic hose system, the event was also represented as an artifact
on the records from the depth electrodes; irregardless of whether
monopolar or bipolar recording techniques were in effect.

In those

biting sequences of Type I responses, two separate components to
the artifact could be identified.

First on a-component, which

was recorded as a positive transient, corresponding to the jawclosure phase of the response.

Associated with this component was

a high frequency muscle artifact contaminating the crest of the
lower limit of the positive deflection.

Secondly, a b-component

which was seen as a slow, negative-going potential corresponding
to the jaw-opening phase of the response.

In the Type I bite

sequence the temporal relation between each component was main
tained (Figures 12b,c) .

Also, comparing the b-components of

Figures 12b and c shows this component to have a sharper sweep in
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Figure 12c than in Figure 12b; corresponding to a quicker release of
the hose.
By contrast, in the sequences containing both Type I and Type
II biting, a third component to the artifact could be distinguished.
This c-component arose on the declining slope of the b-component,
but usually could not be identified until the second or third bite.
Clues as to the nature of the bite artifact were derived
from the examination of the Type I-Type II bite sequences.

It was

observed that prior to the abrupt shift in the type of biting
behavior, changes in the relative positions of the various
components occurred. ' Component-a, marked by the high frequency
muscle artifact, migrated from its original positive-going position
to become situated as a negative transient.

As shown in Figure 13,

the a-component usually attained its maximum negative amplitude
before the Type II biting started.

Likewise, changes in position

were also noted for components b and c.

The b-component degraded

slowly, but completely, before the onset of Type II biting; no
reversal of this component was ever seen.
response had no b-component.

Then, the Type II bite

Component-c, however, did reverse,

to appear as a sharp positivity (Figure 13).

The pattern of events

leading to the reversal of components-a and c, and the disappearance
of component-b, was a reliable predictor of an impending change in
the biting behavior, several seconds in advance of any such change.
Although no c-component could be consistently distinguished
in the Type I sequence, its close temporal relationship with the
large, slow b-component may have prevented its identification.
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Often, however, the b-component presented a double negativity and
the second of which, may have been the c-component (Figure 12b).
Since the above analysis was descriptive only, it is not possible
to determine if, or not, the various components represent the
activity of different muscle masses.

But, the distinct changes in

the nature of the bite artifact preceding the change in behavior
grants the possibility that these deviations reflect some of the
causal antecedents for the behavior change.
artifact, as recorded through

Thus,

the bite

the depth electrodes may result from

the changes in electrical potential of the muscles directly in
control of the bite response.
Figure 14 is a record of

epileptiform activity in the BLA,

ending in a hose-biting sequence.
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